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EXECUTIVE SUMMARY
The role of environmental regulatory stringency in foreign direct investment (FDI) decisions has motivated contentious debates on the possible existence of "pollution havens". The pollution haven hypothesis predicts that increased liberalisation of trade in goods will lead to the relocation of pollution intensive production from countries with stringent environmental regulations to the developing world, which is generally characterized by relatively more lax environmental regulation. If valid, this effect will be reflected in international trade and/or foreign direct investment patterns. This paper examines empirically whether countries with relatively more lax environmental regimes have a comparative advantage in their competition for foreign direct investment, turning these countries into pollution havens. In policy terms, the existence of such an effect -or even the perception of the existence of such an effect -may have a 'chilling effect' undermining the incentives for national policymakers to adopt more stringent environmental policies. As a consequence, governments may introduce policies which are less stringent than optimal. Analogously they may be tempted to adopt protectionist policies (such as border tax adjustments) in 'exposed' sectors where regulations are relatively more stringent.
The formal analysis of the relationship between environmental regulation and FDI in this paper is cast in the empirical knowledge-capital framework. A sample of 27 OECD source countries and 99 host countries are considered over the period [2001] [2002] [2003] [2004] [2005] [2006] [2007] . The bilateral FDI flow taken from the International Direct Investment Statistics Yearbook of the OECD is used as a dependent variable. As regressors we employ the fundamental variables used in the knowledge-capital approach (such as relative factor endowments, economic size, trade costs, investment costs, and distance), and the environmental policy stringency index of the World Economic Forum as the measure of environmental regulation regime.
Two major results emerge from the analysis. First, relatively lax stringency in the host country has a statistically significant positive (although small) effect on incoming FDI flows in both developed and developing countries in the range of 2.7-5.5%. Second, this effect tends to exhibit an inverse U-shape, and thus reverses below a certain level of environmental stringency in the sample of non-OECD host countries. That is, once the environmental regime of a developing host country becomes too lax, this country loses its attractiveness as an FDI location. It is hypothesised that this non-linear relationship may be due to a combination of three factors:
• Above a certain level, increased stringency increases production costs and reduces the attractiveness of the country for foreign investors;
• For investment flows from OECD to non-OECD countries there is a certain level that is more or less costless, perhaps due to economies of standardisation across different production locations; and
• Below this level, there may be a 'signalling' role played by environmental policy, with excessively lax policy indicating a more uncertain (and thus less attractive) environment for investment.
The direct policy implications of the results are two-fold. First, there is a strong case to be made for capacity-building with respect to the environmental policy framework in non-OECD countries since this can yield both environmental and economic benefits to host countries. With long experience in policy implementation and assessment, OECD countries can play an important role in facilitating this capacity building.
Moreover, it must be emphasised that the effect of environmental policy stringency on FDI (and thus leakage) is small relative to other factors. For instance, a general measure of regulatory quality has much more significant (and positive) impacts on FDI inflows. Following from this a 'tightening' of policy stringency against a general background of improved regulatory quality (i.e. bureaucratic transparency, increased flexibility, consistency of enforcement, etc…) might well increase FDI inflows for those countries where weak environmental policies serve as a negative signal to investors.
ENVIRONMENTAL POLICY STRINGENCY AND FOREIGN DIRECT INVESTMENT

Introduction
Multinational enterprise (MNE) activity in the form of foreign direct investment (FDI) has grown at a faster rate than most other international transactions, particularly trade flows between countries. The decisions of MNEs to service a foreign market through affiliate production depend largely on the way governments shape the investment climates in the targeted locations. While governments have limited influence on factors such as geography, they compete with each other on the provision of infrastructure, the functioning of factor markets, broader governance features such as corruption, and in particular, on approaches to taxation and regulation. The role of environmental regulation in inducing FDI has motivated contentious debates on the possible existence of pollution havens. The pollution haven hypothesis predicts that increased liberalisation of trade in goods will lead to the relocation of pollution intensive production from countries with stringent environmental regulations to the developing world, which is generally characterized by relatively more lax environmental regulation (Taylor 2004) . If valid, this effect will be reflected in international trade and/or foreign direct investment patterns. This paper examines empirically whether countries with relatively more lax environmental regimes have a comparative advantage in their competition for foreign direct investment, turning these countries into pollution havens. In policy terms, the existence of such an effect -or even the perception of the existence of such an effect -may have a 'chilling effect' undermining the incentives for national policymakers to adopt more stringent environmental policies. As a consequence, governments may introduce policies that are less stringent than is optimal. Analogously they may be tempted to adopt protectionist policies (such as border tax adjustments) in 'exposed' sectors where regulations are stringent.
The empirical evidence on whether the economic rationale behind the pollution haven effect matters in the real world is not conclusive. The common denominator across the various strands of research is the assessment of conditions under which compliance with environmental regulation raises firms' costs, making them less competitive. In a "first best" world where externalities are the only market imperfection, environmental regulations will rightly impose costs, resulting in slower productivity growth as conventionally measured (See Millimet and List 2004) . In this context, evidence provided on the existence of potential 'win wins' from environmental regulation (i.e. Porter and van der Linde 1995) is dismissed. While there may be numerous examples of firms benefiting commercially from the implementation of environmental regulations, this is not generalizable to the economy as a whole. If such opportunities do in fact exist economists would suggest that companies will identify them by themselves (perhaps with a lag) without the need for government intervention (Oates et al. 1995) . Indeed, the existence of profit-increasing 'environmental' opportunities may just be a reflection of the replacement of an inefficient environmental regulation with a more efficient measure, or other 'untreated' market failures in addition environmental externality such as spillovers in knowledge (Jaffe et al., 2005) , learning-by-doing (Mohr, 2002) , and imperfect competition (Simpson and Bradford 1996) .
Recent work on industrial organization indicated that such opportunities may also arise out of organisational failures within the firm, such as lack of risk diversification (Kennedy, 1994) , contractual incompleteness (Ambec and Barla, 2007) , asymmetric information (Ambec and Barla, 2002) , and agency control problems (Gabel and Sinclair-Desgagné 2002) . In the presence of rapidly changing conditions such as the environmental policy context, it is quite likely that there will be a lag before firms change their organizational structures and managerial practices in order to take these new conditions into account in an optimal manner. (For a review of the recent micro-economic literature and new empirical evidence see Lanoie et al. 2008) At the macroeconomic level, the existence of pollution havens would be reflected in the geographic concentration of manufacturing plants producing pollution-intensive goods. They can in principle be detected by looking at either patterns of international trade in or foreign direct investment in pollutionintensive sectors. Empirical estimates in the received literature, which range from positive and significant to negative and significant, lead most scholars to conclude that the relationship between environmental regulations and trade and investment patterns is rather weak (Jeppesen et al. 2002) .
Many researchers have analyzed the pollution haven problem by looking directly at trade flows. Recently, Levinson and Taylor (2008) found that environmental policy has a significant impact on trade flows that is consistent with the pollution haven hypothesis, after accounting for unobserved heterogeneity and endogeneity of pollution abatement cost measures. Similarly, Ederington and Minier (2003) found a negative effect of environmental policy on trade flows when the level of environmental regulation was treated as endogeneous. The evidence of Copeland and Taylor (2004) also indicates that more stringent environmental policy acts as a deterrent to trade in dirty production, while Brunnermeier and Levinson (2004) conclude that with methodological improvements pollution haven effects are reflected in both international trade patterns but also plant location and investment decisions. In contrast, Constantini and Mazzanti (2010) show that environmental policies in combination with innovation activities foster competitive advantages of green exports. Public policies and private innovation patterns trigger higher efficiency in the production process, thus turning the perception of environmental protection actions as a production cost into a net benefit.
More relevant for this study is a strand of the literature that focuses on the role of capital mobility, namely foreign direct investment. The majority of research in this area considers inflows of FDI to a single country or outflows from a single country at the aggregated or industry level. Jeppesen et al. (2002) provide a meta-analysis of studies that attempt to explain the variation in the probability of new manufacturing plant location decisions across US jurisdictions by differences in environmental stringency measures and other characteristics of the chosen location. In most regressions, the environmental stringency measure is insignificant, which is to be explained by methodological inconsistencies. Millimet and List (2004) find that the impacts of environmental policy on industry location depend crucially on heterogeneity of location-specific attributes. List and Co (2000) suggest that stringer environmental regulation does influence negatively the location decisions of inward FDI in the US. Keller and Levinson (2002) , however, find a less robust evidence of the pollution haven effect at the industry level. Xing and Kolstad (2002) find that US outbound flows move significantly to host countries with more lax environmental regulations in the heavily polluting industries; this result is not valid for less polluting industries. Wagner and Timmins (2009) test the pollution haven hypothesis on a sample of German manufacturing industries in 163 destination countries conditional on industrial agglomeration. After controlling for agglomeration externalities and unobserved heterogeneity the authors obtain statistically significant evidence of a pollution haven effect for the chemical industry. The industry-level evidence shows that environmental regulation can influence negatively the location decision of a specific industry, while having no effect on another polluting industry (e.g. Keller and Levinson (2007) , Henderson and Millimet (2007) , Waldkirch and Gopinath (2008) ).
There are only few papers using FDI data to study pollution havens at the global level. Smarzynska Javorcik and Wei (2005) study the determinants of actual and planned investment by 534 major multinational firms in Central and Eastern Europe and in the former Soviet Union. They find no robust support for the pollution-haven hypothesis. The theoretical model of Eskeland and Harrison (2003) shows that, depending on possible complementarities between capital and pollution abatement, environmental regulation can lead to an increase or a decline in investment in both the host (developing) country and the originating (developed) country. In their empirical analysis they find some evidence that foreign investors are concentrated in sectors with high levels of air pollution in Mexico, Venezuela, Morocco and Ivory Coast, although the evidence is weak.
Arguments over pollution havens persist, although existing studies suggest little evidence of industrial relocation. A multitude of data and methodological problems, related often to unobserved heterogeneity and the difficulty with finding exogenous measures of regulatory stringency, can be identified to explain the inability of empirical research to conclusively determine the relationship between environmental policy and FDI. In addition, there are two possible substantive explanations. First, environmental costs constitute such a small share of total costs and differences in policy stringency between trading partners have been so small that any important impacts simply do not exist (Wheeler 2001) . Second, while there may be a relationship between environmental policy and FDI, this relationship may be 'masked' by opposing factors.
This paper seeks to contribute to the literature in several important ways. First, a measure of environmental stringency is used circumventing the endogeneity problem described above, because it relies on managers' perceptions of the stringency in a given country and provides the opportunity to analyse a broad sample of both source and host countries. Second, an important strength of the technical analysis is the non-linear modelling of the impact of policy stringency on FDI. Third, a 'state-of-the-art' FDI modelling strategy is used, which allows the analysis to differentiate between different models of production fragmentation.
The formal analysis of the relationship between environmental regulation and FDI in this paper is cast in the empirical knowledge-capital (KC) framework specified in Markusen and Maskus (2002) . A sample of 27 OECD source countries and 99 host countries are considered over the period [2001] [2002] [2003] [2004] [2005] [2006] [2007] . The bilateral FDI flow taken from the International Direct Investment Statistics Yearbook of the OECD is used as a dependent variable. As regressors we employ the fundamental variables used in the knowledge-capital approach (such as relative factor endowments, economic size, trade costs, investment costs, and distance), and the environmental policy stringency index of the World Economic Forum as the measure of environmental regulation regime. Two major results emerge from the analysis. First, relatively lax stringency in the host country has a positive (although small) effect on incoming FDI flows in both developed and developing countries in the range of 2.7-5.5%. However, this effect tends to exhibit an inverse U-shape, and thus reverses below a certain level of environmental stringency in the sample of non-OECD host countries. Thus, once the environmental regime of a host country becomes too lax, this country loses its attractiveness as an FDI location.
The paper is organised as follows. Section 2 discusses the hypothesis and the econometric methodology. In section 3, the results of the empirical analysis are presented, while section 4 provides concluding comments.
Data and methodology
Hypothesis
As discussed above, the literature on competitiveness and environmental policy generally supposes that the introduction of more stringent environmental regulations is potentially harmful for the productivity and competitiveness of domestic firms facing higher production costs. More stringent environmental regime imposes new cost elements on the firm; this affects the firm's productivity and competitiveness in product markets. This would lead to delocalization of production towards countries with a relatively lower burden of environmental regulation, to the so-called pollution havens (see Copeland and Taylor (2004) and OECD (2009), among others). In the context of FDI, it means that a firm would relocate when the abatement cost at home increases above the level abroad, everything else held the same, or when the abatement cost abroad decreases, while the level at home remains unchanged. This can be called the relative abatement cost problem.
A second argument relates to the so called hold-up problem in the context of FDI. That is, investors can freely choose where to locate their FDI; however, once the investment is made, some share of it is sunk and irreversible. The host government can then choose how much to demand from the investment returns, and may even choose to appropriate the investment completely. These incentives arise if the government is simply revenue maximizing, but also if the government is benevolent or acts in the interest of the citizens in the host country for political reasons. If foreign investors anticipate this extractive behaviour, they will invest too little or not invest at all. Even investment projects that yield a very high gross return and would be highly profitable in the absence of the threat of confiscatory policies do not take place. Unless the government can credibly commit to not make use of the opportunities to expropriate, or can compensate investors upfront, investors will not invest if they anticipate that, at least, part of the returns on their investments are confiscated (see e.g. Kessing et al. (2009) and Li (2009) ). If we consider the environmental policy regime as a variable with signalling value, alongside other governance characteristics, then a very loose environmental regulation abroad would discourage relocation of production to that host country, which runs counter to the relative abatement cost problem identified above. Figure 1 illustrates the two opposing effects. To date, the literature has assumed a linear relationship between environmental policy stringency and FDI activity. However, based on the arguments above, this effect seems to be non-linear, depending upon the stringency of the regulation regime and governance, as well as on the mix of capital and operating costs required to meet regulatory standards of different stringency. The empirical hypothesis can therefore be stated as:
Hypothesis: A decrease in environmental stringency in the host country will have a positive impact on the amount of FDI that is attracted by this host country. This effect, however, will reverse to negative, once stringency becomes too lax, which implies a certain threshold level.
The discussion above has acknowledged that FDI decisions are taken on the basis of investment framework comparison between the source and host country. For this reason, in the empirical analysis that follows, the stringency differential between each source and host country is used instead of the individual levels of stringency in each country.
The knowledge capital model
The standard foreign direct investment (FDI) model used here is a merger of the horizontal and vertical models of production fragmentation that have dominated the literature on FDI. The horizontal model can be traced back to the seminal work of Markusen (1984) where a multinational enterprise produces in multiple countries to minimize trade and firm-specific fixed costs. In Helpman's (1984) vertical model firms geographically fragment production by stages. Recently, these two models have been combined into the knowledge-capital (KC) model developed by Markusen (2002) . This approach assumes that: 'i) services of knowledge-based and knowledge-generating activities, such as R&D, can be geographically separated from production and supplied at low cost; ii) these knowledge-intensive activities are skilled-labour-intensive relative to production; and iii) knowledge-based services have a joint-input characteristic, in that they can be utilized simultaneously by multiple production facilities' (Carr et al. 2001) . The first two assumptions explain vertical fragmentation decisions, while the third one motivates horizontal investment. Thus, the theory predicts that horizontal multinationals dominate when countries have similar endowments and sizes. Furthermore, horizontal FDI is encouraged by higher trade costs and higher firm-level scale economies. In contrast, vertical FDI is greatest when countries have very different factor endowments. The combination of small size and skilled-labour abundance leads to vertical firms, which choose the skilled-labour-abundant country as their headquarters country while the location of a single-plant depends on market size. Carr et al. (2001) demonstrate a primary empirical specification of the KC model, which has become the workhorse for analyzing international investment flows. Subsequently, the model has been widely debated and extended in Blonigen et al. (2003) , Carr et al. (2003) , Markusen and Maskus (2002) and Davies (2008) , among others. The model has been recently used for sectoral level analysis (e.g. Alfaro and Charlton 2009). The empirical framework of the KC model employs a number of measures describing economic conditions and geographic characteristics of the host country, the source country, and between them in order to explain the motivation behind FDI decisions and the choice of investment mode.
Empirical specification
To test the main hypothesis, the empirical analysis focuses on the difference between environmental stringency of the source and host country as the main explanatory variable, including the variables in the KC model described above and further variables as controls. Accordingly, the variable to be explained is the bilateral flows of FDI from 27 source countries to 99 host countries as reported from the source country side. Aggregate FDI flows are used since several studies indicate that firms in pollution-intensive and nonpollution intensive sectors are similarly influenced by a change in country-level environmental stringency (e.g. Levinson 1996, List and Co 2000) . With respect to the explanatory variables, ∆Stringency is the principal variable of interest and denotes the difference in environmental regulation stringency between the source and the host country and is its squared term. In addition to policy stringency, the KC framework of Markusen and Maskus (2002) suggests using six types of variables to explain the incentives for the different forms of production fragmentation at the bilateral level:
• the sum and squared difference between the source and host country economic size: ;
• relative factor endowments 3 : ;
• three interaction terms of economic size with factor endowments which relate to the different modes of production fragmentation: i) INT1 captures vertical fragmentation and is equal to if , and 0 otherwise; ii) INT2 captures horizontal motives and is equal to if , 0 otherwise; iii) INT3 also captures horizontal fragmentation and is equal to if , 0 otherwise; 1 Data on FDI outward flows are not available for Canada and Mexico. Therefore, they cannot be considered as source countries; however, they are included as host countries. Luxembourg is not included in the analysis since it is known to be a very large conduit of indirect flows of FDI. The four newest members of the OECD -Chile, Estonia, Israel and Slovenia -are considered as non-OECD countries, since our analysis extends only to the year 2007.
2 A problem that arises when using a log-linear specification is how to deal with observations of negative and zero values. FDI flows are negative when the source country repatriates previous investments made in the host country. We are handling the presence of zero/negative values by transforming the FDI flow. We can add a constant factor to each observation on the dependent variable. Since the Tobit procedure censors the dependant variable at zero, all instances of disinvestment (negative values) will be considered as non-investment (zeros). Thus, we express the dependent variable in our baseline model as For very high levels of FDI flows, and for . The variable can also be constructed as In this case, the sign of FDI is unchanged but the values of y pass from a linear scale at small absolute values to a logarithmic scale at large values. Thanks to the censoring process, the two transformations yield identical results. For this reason, we report the results only from the first transformation. 3 As a proxy for skill we use GDP per capita. An alternative measure used in the literature is the number of years spent in primary and secondary education. Since there is practically no difference in the results whether education duration or GDP per capita is used, we report only the output with the skill measure related to GDP per capita.
• distance as a measure of proximity between host and source countries: Distance;
• trade costs between the source and host country measured by international barriers which result from (not) sharing the same language or border or (not) belonging to the same customs union or free trade agreement for the source-host pair and are denoted as -Common Language, Common Border, Customs Union, and Free Trade Agreement 4 and
• investment conditions in the host country, which are measured by regulatory quality: .
The interpretation of the KC measures and the expectations about their effects on FDI are adopted from Carr et al. (2001) and Markusen and Maskus (2002) 5 . Furthermore, we include fixed time effects α to control for omitted, time-variant effects that affect all country pairs in the same way; c denotes the intercept. Source and host country dummies, γ and δ are included to capture within-country differences.
Table A-1 in the Appendix describes all variables and data sources. However, as noted above the core explanatory variable of the analysis is ∆Stringency and so it is worth discussing it in more detail, and how it differs from other possible measures. In this study it is constructed as the difference in environmental regulation stringency between the source and host country. Thus, it is decreasing when the level of stringency in the host country increases. Cross-country data on regulatory stringency are rarely available, or are not commensurable. Given the heterogeneity of environmental policy regimes both across countries, and within countries across sectors and impacts as well as through time, it is difficult to construct a general index of the stringency of environmental policy regimes. A number of imperfect proxies have been used in empirical work. This includes reported data on pollution abatement and control expenditure measured at the macroeconomic (e.g., Lanjouw and Mody 1996) or sectoral level (e.g., Brunnermeier and Cohen 2003) , the frequency of inspection visits (e.g., Jaffe and Palmer 1997), parameterisation of policy types (e.g., Fischer and Newell 2008, Johnstone 2007) . One of the few studies to use commensurable measures of actual policy stringency across countries is Johnstone et al. (2010) , but this relates to only one sector (renewable energy).
In the context of a study that cuts across sectors and countries, data on regulatory stringency is unlikely to be commensurable. Public policies in different countries typically target specific environmental impacts (i.e., pollutants), using a specific policy instrument. This chapter deals with a broadly defined measure of investment flows and hence covers multiple impacts and potentially a wide spectrum of policy instruments and sectors. Moreover, it operates in a cross-country context. In many previous studies, data on pollution abatement and control expenditures have been used to measure policy stringency. However, in a cross-country study, such a variable is inappropriate due to the heterogeneity in the definitions and sampling strategies applied. For instance, the expenditures of 'specialised' firms in the environmental 4 Each binary variable is equal to 1 when the source and host countries share the same language or border, belong to the same customs union or free trade agreement, respectively, and 0 otherwise. 5 They predict a positive sign for the bilateral sum of gross domestic product (GDP) levels and a negative coefficient for the squared difference in GDP between parent and host country, since investment is constructed to have an inverted U-shaped relationship to differences in country size, with a maximum at zero difference. The first interaction term which is the nonzero when the parent country is skilled-labour abundant and is negative when the parent is the smaller country is expected to be negative for the vertical fragmentation model and to have no effect on horizontal FDI decisions. The second interaction term is the principal variable in the vertical model and is predicted to be positive. Its effect for the horizontal model should be negative because of the non-monotonic relationship between skill differences and FDI as predicted by the KC model. The third interaction term should have a negative sign for all models, because outward investment activity falls as the parent country becomes unskilled-labour abundant. Good regulatory quality in the host country is expected to encourage investors and thus have a positive effect. The binary bilateral trade costs will have a positive impact similarly to the gravity model in international trade. goods and services sector are included in some countries, while this is not the case in other countries. In addition, there are large numbers of missing observations, resulting in a very small panel.
This study draws upon data obtained from the World Economic Forum's "Executive Opinion Survey", which asked respondents a number of questions related to environmental policy design. The survey was implemented by the WEF's partner institutes in over 100 countries, which include departments of economics at leading universities and research departments of business associations. The means of survey implementation varied by country and included postal, telephone, internet and face-to-face survey. In most years, there were responses from between 8,000 and 10,000 firms (see WEF 2008 for a description of the sampling strategy.)
In the WEF survey, respondents (usually CEOs) were requested to indicate the "stringency" of a country's overall environmental regulation. More specifically, they were requested to assess the degree of stringency on a Likert scale, with 1 = lax compared with that of most other countries, 7 = among the world's most stringent. The variable ranges from 1.4 (Haiti) as its lowest to 6.7 (Germany) as its highest value in the sample. The index varies slightly over the seven years considered in the analysis. Mean responses for 40 selected countries from our sample are provided in Figure 2 . FIN FIN FIN FIN FIN FIN FIN FIN FIN FIN FIN FIN FIN FIN FIN FIN FIN FIN FIN FIN FIN FIN FIN FIN FIN FIN FIN FIN FIN FIN FIN FIN FIN FIN FIN FIN FIN FIN FIN FIN FIN FIN FIN FIN FIN FIN FIN FIN FIN FIN FIN FIN FIN FIN FIN FIN FIN FIN FIN FIN FIN FIN FIN FIN FIN FIN FIN FIN FIN FIN FIN FIN FIN FIN GRC GRC GRC GRC GRC GRC GRC GRC GRC GRC GRC GRC GRC GRC GRC GRC GRC GRC GRC GRC GRC GRC GRC GRC GRC GRC GRC GRC GRC GRC GRC GRC GRC GRC GRC GRC GRC GRC GRC GRC GRC GRC GRC GRC GRC GRC GRC GRC GRC GRC GRC GRC GRC GRC GRC GRC GRC GRC GRC GRC GRC GRC GRC GRC GRC GRC GRC GRC GRC GRC GRC GRC GRC GRC GRC   HUN HUN HUN HUN HUN HUN HUN HUN HUN HUN HUN HUN HUN HUN HUN HUN HUN HUN HUN HUN HUN HUN HUN HUN HUN HUN HUN HUN HUN HUN HUN HUN HUN HUN HUN HUN HUN HUN HUN HUN HUN HUN HUN HUN HUN HUN HUN HUN HUN HUN HUN HUN HUN HUN HUN HUN HUN HUN HUN HUN HUN HUN HUN HUN HUN HUN HUN HUN HUN HUN HUN HUN HUN HUN HUN  ISL ISL ISL ISL ISL ISL ISL ISL ISL ISL ISL ISL ISL ISL ISL ISL ISL ISL ISL ISL ISL ISL ISL ISL ISL ISL ISL ISL ISL ISL ISL ISL ISL ISL ISL ISL ISL ISL ISL ISL ISL ISL ISL ISL ISL ISL ISL ISL ISL ISL ISL ISL ISL ISL ISL ISL ISL ISL ISL ISL ISL ISL ISL ISL ISL ISL ISL ISL ISL ISL ISL ISL ISL ISL In Figure 4 a scatter plot of the stringency of the host country and inward FDI (the log of total incoming flows relative to the host country's gross domestic product) is presented. The results are presented for both OECD and non-OECD host countries. Not surprisingly, the majority of the OECD sample lies in the right half of the graph and vice versa for the developing countries. While the effect in the OECD sample is not clear, the relationship between stringency and FDI in the developing countries seems to be somewhat positive. There are two possible explanations for the last observation. First, stringency of environmental regulation may be catching the potential effect of the quality of institutions in the developing countries. The correlation coefficient between environmental stringency and regulatory quality in the sample is equal to 0.75. It is widely known in the literature that better quality of institutions attracts more FDI inflows, and therefore the apparent positive relationship may be explained by this relationship. In order to get the 'clean' correlation between stringency and FDI in the host country we have to control explicitly for its regulatory quality in the empirical analysis. Second, the relationship between stringency and FDI may be non-linear, as predicted in the hypothesis, but Figure 4 does not account for that. And finally, Figure 5 plots the difference in environmental stringency between the source and host countries against bilateral FDI flows (relative to source country's GDP). OECD source countries are identified in the graph with triangles, and non-OECD host countries with circles. It becomes evident that the OECD host countries are predominantly situated in the left part of the figure where the values for the difference variable are negative (i.e. environmental regulation in the source country is less stringent than the one in the host country) or rather low positive (i.e. source and host countries have a similar level of environmental stringency). No discernible pattern is evident within each group of countries. However, since there are so many factors which are likely to influence FDI, the absence of an obvious pattern in the bivariate relationship is hardly surprising. 
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Empirical results
Baseline results
In the baseline specification, we regress the (natural) logarithm of outbound FDI flows on the environmental stringency gap between the source and host countries, controlling for all KC variables. The baseline results are presented in Table 1 . Column (2) considers the whole sample, namely OECD countries investing into the OECD and non-OECD world. Since combining rich and poor countries in FDI data can lead to implausible coefficient estimates, column (3) reports only OECD investment into the non-OECD world, while capital transactions in the OECD region can be found in column (4). Despite the skewed nature of the dependent variable, many studies, including Carr et al. (2001 Carr et al. ( , 2003 , Markusen and Maskus (2002) and Davies (2008) , use the absolute value of FDI instead of its logarithmic value. To check the findings against this part of the literature column (1) reports the Tobit results for the whole sample with the absolute value of FDI flows as the dependent variable. To account for potential interdependencies between the bilateral FDI flows into a host country and from a certain source country, heteroskedasticity-robust standard errors are reported. Table A-2 in the appendix presents descriptive summary statistics for the whole sample.
Summarizing, the analysis provides strong and consistent support for the main hypothesis, according to which a larger positive stringency differential increases FDI flows from the source to the host country. Furthermore, an inverse U-shape relationship between the stringency differential and FDI exists in the OECD to non-OECD sample. 12 Notes: i) *** -significant at 1% level, ** -significant at 5% level, * -significant at 10% level; ii) Robust standard errors in parentheses; iii) The dependent variable in column (1) is the level of FDI, while columns (2)-(4) explain the natural logarithm of FDI; iv) All columns present Tobit estimates; v) All estimations include year, source and host country fixed effects.
To assess the empirical hypothesis, we consider the joint effect of the two stringency variables:
and . First, the results for the whole sample will be presented. The predicted positive effect of an increasing stringency gap on FDI is clearly supported in columns (1) and (2). Although only the squared term of stringency enters with a significant sign, it is strongly positive. The magnitude of the effect differs along the two columns, because of regressing FDI in levels and its natural logarithm in column (1) and (2), respectively.
In a next step, let us look at the sample of OECD countries investing in non-OECD countries. Column (3) shows that the stringency gap between the OECD source and the non-OECD host country has a positive effect on FDI. Furthermore, there is evidence of an inverse U-shaped relationship, since the squared term enters always with a negative sign. This result is highly relevant for the policy discussion, where OECD governments fear that their industries move to less developed countries with laxer environmental standards. The results suggest that this is the case but only up to a certain threshold. Once the difference in stringency between the source and the host country has reached a value of 2.1 6 , the effect on FDI is reversed (see Figure 6) . Thus, once the environmental regime of a host country becomes too lax, this country loses its attractiveness as an FDI location. Figure 6 presents a simulation of the effect of the stringency gap on FDI in the non-OECD sample. Brazil, Costa Rica, Singapore and Hong Kong are some of the non-OECD host countries which have rather low stringency gaps with the developed OECD area and thus lie to the left of the threshold value of 2.1. This evidence implies that a further strengthening of the environmental regimes in these countries would make them less attractive for FDI flows. In contrast, to the right of the threshold values are countries like Croatia, Egypt, Morocco, Russia, Venezuela, which are characterized by large stringency gaps with the OECD world. For this group of countries a further weakening of their already lax environmental policies would deteriorate their investment climate and thus lead to a decrease in FDI inflows. A potential explanation for this result is that stringency of environmental regulation is often positively related with policy predictability, and may account partly for the latter. As such a low level of stringency would be equivalent to a confusing and frequently changing environmental regime.
7 Consequently, policy unpredictability may be associated with corruption and fear of expropriation. In technical terms, an omitted variable problem emerges, which might be solved by accounting separately for stringency and predictability. Due to the high correlation between these two policy attributes, however, such an empirical exercise will be fundamentally flawed.
Last, column (4) presents the within-OECD investment activity (column 4). The results confirm those in columns (1) and (2), where a clear positive impact of the environmental stringency gap on FDI flows exists. This is not surprising, because most of the non-zero investment flows are observed for this sample, which then may drive the result of the whole sample. The positive and significant sign for the main explanatory variable, the stringency difference, implies a "pollution-haven" effect in the OECD area itself. This is an important result for the policy discussion, which has generally focussed on the differences in stringency of environmental regulation between developed and developing countries. However, from Figure 3 it is evident that the OECD countries do not form a homogenous group in terms of environmental stringency, at least in so far as perceived by the business community. The other controls in the baseline model are additional drivers of FDI decisions. The sum of a host country's and a source country's GDP affects investment positively. FDI is strictly decreasing in the squared GDP difference. These qualitative results are in line with the KC model predictions of a U-shaped relationship between the FDI flow and bilateral differences in economic size. The three interaction terms provide insights into the mode of production fragmentation among the countries in the three different samples. Since Interaction terms II and III enter with a negative sign, while Interaction term I is insignificant in column (1), horizontal investment seems to be the predominant model of FDI activity across the whole sample. This result, however, changes when non-OECD host countries are considered only. The negative sign for the coefficients of Interaction term I and III and the positive sign for the second term predict vertical FDI. Common evidence suggests that the majority of FDI from the developed world to developing countries flows into production facilities because of the difference in factor endowments between the source and host country. In contrast, the three interaction terms do not have a clear-cut effect on FDI in the OECD sample (column 4). Therefore, no conclusions can be made about the predominant FDI model there. Distance has a consistent negative estimate across the results. The four proxies for bilateral trade costs have a very strong positive impact often at the 1% significance level across the different samples, as expected. The positive and mostly significant sign in front of the regulatory quality variable, our proxy for costs associated with setting up a business, is in line with the theoretical predictions. In conclusion, while the fundamentals of the KC model remain important determinants of FDI flows, the stringency gap proves to be a powerful explanatory factor as well. The findings are robust with respect to a number of alternative specifications.
Estimates using averages
Since the measure of environmental stringency used in this study varies only slightly over time, estimating a panel may be regarded as an unjustified inflation of the sample size, besides controlling for fixed country effects. For this reason, the model was also estimated using average values (see Table 2 ). Therefore, all variables are collapses to their 2001-2007 averages. The results of this estimation clearly support and reinforce the findings from the panel fixed effects regressions in Table 1 .
Column (2) confirms the inverse U-relationship between stringency and FDI in the sample of non-OECD host countries. The threshold value lies at 2.9 (=0.4053677/(2*0.0458561)), which implies that once the difference in the levels of stringency between the source and host country increases beyond this value, FDI will be decreasing (see Figure 6 ). In contrast, column (3) indicates a significant and persistent positive relationship between FDI and stringency among OECD countries. The result suggests that pollution havens may exist rather in the fellow OECD countries and the progressive emerging economies than in the low-income and unskilled-labour abundant developing countries. For the whole sample, in column (1) the stringency difference and its squared term are significant and with the expected signs. However, the calculations do not provide a clear evidence of a hump-shape relationship between stringency and FDI, since the optimal value for the stringency gap lies nearly out-of-sample (4.4=0.4053677/2*0.0458561) 8 . 1443 858 585 (Pseudo) R-squared 0.13 0.12 0.09 Notes: i) *** -significant at 1% level, ** -significant at 5% level, * -significant at 10% level; ii) Robust standard errors in parentheses, iii) All columns present Tobit estimates.
As mentioned above, the model with average values verifies our main results. Furthermore, we run a number of robustness checks by using alternative dependent variables (from the EUROSTAT database) and explanatory factors, accounting for additional regressors such as tariffs and corporate income taxes, as well as dropping host country outliers with very low and very high stringency levels. The sensitivity analysis clearly confirms the empirical hypothesis and is available upon request.
Quantitative importance
The estimated coefficients presented above can be interpreted quantitatively, by calculating their marginal effects at the sample means of the covariates. Furthermore, the calculations take into account the non-linear function of the stringency differential. We consider only the baseline panel estimation results (Table 1) and begin with the whole sample, first. The marginal effect of the stringency gap is equal to 0.027 in the whole sample. It then becomes easy to calculate that a one-unit increase in ∆Stringency is associated with a 2.7% (=100*[exp(0.027)-1]) increase in the FDI flow. As part of the total marginal effect 1.9% is the effect of stringency on investment within the sample of country pairs that are already experiencing positive FDI flows. Column (1) of Table (1) reinforces the positive impact of the stringency variable. However, the results are interpretable in a different way, since the dependent variable is in levels. The marginal effect is calculated to be 24.41, which means that only one unit increase in the stringency gap suffices for an increase of outward FDI by 24 Million US dollars.
The sample of the non-OECD host countries yields similar results. However, the effect of the difference in the stringency levels between the source and host country are higher than in the whole sample. The total marginal effect of 0.038 translates into an estimated 4% increase in FDI, while country pairs that are already investing partners experience an estimated 2.7% increase in FDI for just one-point increase in the stringency gap. The strongest effect of environmental stringency on FDI activity is observed, however, in the OECD sample, where FDI flow increases by estimated 5.5% if the stringency gap rises by one unit, and by estimated 4% in the positive FDI sample.
What is the relative magnitude of the environmental stringency in comparison to other explanatory factors, such as regulatory quality and common border? The large estimates of these two variables in Table  1 translate also into large marginal effects. Thus, a one-unit improvement of regulatory quality brings 44% increase in FDI in the whole sample and 54% increase, when OECD countries invest to non-OECD host countries. Governance quality seems to be less relevant, when investing in a fellow OECD country. This outcome indirectly suggests the high importance of regulatory quality as a signal, in particular, about countries that do not belong to a well-known "league". Sharing a common border between an OECD source and non-OECD host country will bring an estimated 400% increase in FDI flows to the host. The effect is lower but still significantly large in the OECD sample, at around 200%. The economic and geographic fundamentals of the KC model play a very important role in foreign investment decisions. In comparison, the rather low magnitude of the effect of environmental stringency appears plausible and gives an indication of the size of the potential loss from policy stringency on the investment climate.
Conclusion
This paper provides new evidence on the pollution haven effect. Using recently-developed econometric techniques, a new measure or environmental policy stringency, and a very broad sample, the analysis finds support for the positive effect of relative environmental policy stringency on foreign direct investment patterns. Pollution havens are shown to exist not only in the developing world but also in the OECD area itself. This is an important result for the policy discussion, which has generally focussed on the differences in environmental regulation between developed and developing countries and thus neglected the heterogeneity in the group of the OECD countries.
There are both economic and political pressures which attenuate the effect of differences in policy stringency across countries on FDI flows. On the one hand, there are economies associated with standardising production practices which will reduce the benefits of exploiting marginal differences in regulatory stringency. With increased globalisation of production these pressures are likely to increase. On the other hand, measures such as the OECD Guidelines for Multinational Enterprises encourage enterprises to harmonize their environmental practices across the source and host countries by adopting technologies and operating procedures in all parts of the enterprise that reflect standards concerning environmental performance in the best performing part of the enterprise (OECD 2008) . Second, the relationship between environmental stringency and FDI appears to be non-linear with the effects of increased relative environmental policy stringency in the non-OECD host country decreasing (and becoming negative) after a certain threshold.
This non-linear relationship may be due to a combination of three factors:
• For investment flows from OECD to non-OECD countries there is a certain level which is more or less costless, perhaps due to economies of standardisation across different production locations; and,
In this vein, is important to bear in mind that the measure of environmental policy stringency used in this analysis is based on subjective perceptions of the business community, and is not an objective measure. However, for the reasons mentioned above, results based upon a subjective measure may be more policy-relevant. Decisions concerning foreign direct investment are necessarily based on imperfect information. If our measure of environmental policy stringency 'signals' broader regulatory quality to investors then the finding that a sufficient gap between source and host country policy stringency has a negative effect on FDI flows is not surprising and supports findings elsewhere in the literature. This is also reassuring insofar as it indicates that there is a limit to the 'chilling' effect, which could serve as a disincentive to introduce optimally stringent environmental policy and/or an incentive to introduce protectionist trade or investment policies.
Beyond this, the main policy implication is that there is a strong case to be made for capacity-building with respect to the environmental policy framework in non-OECD countries since this can yield both environmental and economic benefits to host countries. With long experience in policy implementation and assessment OECD countries can play an important role in facilitating this capacity building. Moreover, it must be emphasised that the effect of environmental stringency is relatively small in comparison with other factors such as regulatory quality. In particular, the general measure of regulatory quality used in the analysis has much more significant (and positive) impacts on FDI inflows. Following from this a 'tightening' of policy stringency against a general background of improved regulatory quality (i.e. bureaucratic transparency, increased flexibility, consistency of enforcement, etc…) might well increase FDI inflows for those countries where weak environmental policies serve as a negative signal to investors. 
APPENDIX
Common Language
A binary variable equal to 1 if the source and host country share the same language and 0 otherwise; Source: CEPII.
Common Border
A binary variable equal to 1 if the source and host country share the same border and 0 otherwise; Source: CEPII.
Customs Union
A binary variable equal to 1 if the source and host countries belong to the same customs union and 0 otherwise; Source: World Trade Organization (WTO), own compilation.
Free Trade Agreement
A binary variable equal to 1 if the source and host countries belong to the same free trade agreement and 0 otherwise; Source: WTO, own compilation.
Regulatory quality
Rating of regulatory quality in host country with a range from -2.5 to 2.5; Source: Kaufmann et al. (2008) . ∆Environmental Stringency Difference of the stringency levels of environmental regulation between the source and host country; Source: World Economic Forum. 
